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METHODS OF USING A MAJOR HISTOCOMPATIBILITY COMPLEX 
CLASS III HAPLOTYPE TO DIAGNOSE CROHN' S DISEASE 



This application is a continuation of 
application serial no. 09/395,345, filed 
September 13, 1999. 

This work was supported by grant DK4 67 63 
awarded by NIDDK. The United States government has 
certain rights in this invention. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The invention relates generally to the fields 
of autoimmunity and inflammatory bowel disease and more 
specifically to genetic methods for diagnosing Crohn's 
disease and other autoimmune diseases. 

BACKGROUND INFORMATION 

Inflammatory bowel disease (IBD) is the 
collective term used to describe two gastrointestinal 
disorders of unknown etiology: Crohn's disease (CD) and 
ulcerative colitis (UC) . The course and prognosis of 
IBD, which occurs world-wide and is reported to afflict 
as many as two million people, varies widely. Onset of 
IBD is predominantly in young adulthood with diarrhea, 
abdominal pain, and fever the three most common 
presenting symptoms. The diarrhea may range from mild to 
severe, and anemia and weight loss are additional common 
signs of IBD. Ten percent to fifteen percent of all 
patients with IBD will require surgery over a ten year 



period. In addition, patients with IBD are at increased 
risk for the development of intestinal cancer. Reports 
of an increasing occurrence of psychological problems, 
including anxiety and depression, are perhaps not 
surprising symptoms of what is often a debilitating 
disease that strikes people in the prime of life. 

A battery of laboratory, radiological, and 
endoscopic evaluations are typically combined to derive a 
diagnosis of IBD and to assess the extent and severity of 
the disease. Nevertheless, differentiating Crohn's 
disease from ulcerative colitis, as well as other types 
of inflammatory conditions of the bowel, such as 
irritable bowel syndrome, infectious diarrhea, rectal 
bleeding, radiation colitis and the like, is difficult 
because the mucosa of the small and large intestines 
reacts in a similar way to a large number of different 
insults. Furthermore, the extensive and often protracted 
clinical testing required to diagnose CD delays accurate 
diagnosis and treatment and involves invasive procedures 
such as endoscopy. 

To date, a reliable genetic test for Crohn's 
disease, which would be highly prized as a non-invasive 
method for the early diagnosis of Crohn's disease, is not 
available. Such a test, based on identifying genetic 
markers that are associated with a predisposing mutation 
to an autoimmune disease such as Crohn's disease, would 
obviate invasive clinical procedures. Such a genetic 
assay also would be useful in methods of predicting 
susceptibility to Crohn's disease in asymptomatic 
individuals, making prophylactic therapy possible. 
Unfortunately, genetic markers closely associated with 
Crohn's disease have yet to be identified. The present 
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invention satisfies this need and provides related 
advantages as well. 

SUMMARY OF THE INVENTION 

The present invention provides a method of 
5 diagnosing or predicting susceptibility to an autoimmune 

disease in an individual by determining the presence or 
absence in the individual of a 2-2-4 haplotype at the 
Notch4, HSP70-HOM and D6S273 loci, where the presence of 
!*J the haplotype diagnoses or predicts susceptibility to the 

CI 10 autoimmune disease. The methods of the invention can be 

ij| particularly useful for diagnosing or predicting 

■I" susceptibility to Crohn's disease, rheumatoid arthritis 

II J 

\j\ and Type I diabetes mellitus. In a preferred embodiment, 

i2 the methods of the invention are used to diagnose or 

G 

fij 15 predict susceptibility to Crohn's disease in an 

I"" individual of Ashkenazi Jewish ethnicity. 

itJ 

9 

^ In one embodiment, the invention provides a 

method of diagnosing or predicting susceptibility to an 
autoimmune disease by determining the presence or absence 

20 of the 2-2-4 haplotype using enzymatic amplification of 

nucleic acid from the individual. Subsequent to such 
enzymatic amplification, the presence or absence of the 
2-2-4 haplotype can be determined by electrophoresis such 
as automated capillary electrophoresis. In another 

25 embodiment, the presence or absence of the 2-2-4 

haplotype can be determined following enzymatic 
amplification using restriction fragment length 
polymorphism analysis. In another embodiment, following 
enzymatic amplification, the presence or absence of the 

30 2-2-4 haplotype is determined using sequence analysis. 



In one embodiment, the presence or absence of 
the 2-2-4 haplotype can be determined by obtaining 
material including nucleic acid including Notch4, 
HSP70-HOM and D6S273 loci from the individual, 
enzymatically amplifying the nucleic acid to produce a 
first amplified fragment containing the Notch4 locus, 
enzymatically amplifying the nucleic acid to produce a 
second amplified fragment containing the HSP70-HOM locus, 
and enzymatically amplifying the nucleic acid to produce 
a third amplified fragment containing the D6S273 locus. 
Additionally, the presence or absence of the 2-2-4 
haplotype can be determined by electrophoresing the first 
amplified fragment to determine whether a Notch4 allele 2 
is present, electrophoresing the second amplified 
fragment to determine whether a HSP70-HOM allele 2 
fragment is present and electrophoresing the third 
amplified fragment to determine whether a D6S273 allele 4 
is present. The presence of the Notch4 allele 2, the 
HSP70-HOM allele 2 and the D6S273 allele 4 indicates that 
the 2-2-4 haplotype is present. In one embodiment, the 
second amplified fragment is restricted with Nco I or an 
isoschizomer thereof . 

The invention also provides a method of 
diagnosing or predicting susceptibility to an autoimmune 
disease in an individual by determining the presence or 
absence in the individual of a disease-associated 
haplotype which is associated with a 2-2-4 haplotype at 
the Notch4, HSP70-HOM and D6S273 loci, where the presence 
of the disease-associated haplotype is diagnostic of or 
predictive of susceptibility to the autoimmune disease. 
In one embodiment, the disease-associated haplotype is 
associated with the autoimmune disease with an odds ratio 
of at least 5 and a lower 95% confidence limit of greater 
than 1. The methods of the invention are useful for 



diagnosing an autoimmune disease such as Crohn's disease, 
rheumatoid arthritis or diabetes and can be particularly 
useful for diagnosing Crohn' s disease in an individual of 
Ashkenazi Jewish ethnicity. 

The present invention also provides methods for 
diagnosing or predicting susceptibility to an autoimmune 
disease in an individual by determining the presence or 
absence of a disease-associated allele associated with 
the 2-2-4 haplotype at the Notch4, HSP70-HOM and D6S273 
loci, where the presence of the disease-associated allele 
is diagnostic of or predictive of susceptibility to the 
autoimmune disease. In one embodiment, the 
disease-associated allele is associated with the 
autoimmune disease with an odds ratio of at least 5 and a 
lower 95% confidence limit of greater than 1. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows an analysis of haplotype 
association to Crohn's disease (CD) using the 
transmission disequilibrium test. Top. Illustration of 
the relative positions of the markers analyzed with 
respect to the standard major histocompatibility complex 
(MHC) map. Below each marker is the allele or allelic 
combination with the nominal p value and odds ratio with 
95% confidence interval for the transmission distortion 
of the individual haplotype to affecteds calculated using 
GeneHunter 2.0. "ms" indicates microsatellite; "snp" 
indicates single nucleotide polymorphism. 

Figure 2 shows the association of markers with 
Crohn's disease in the Jewish case-control panel. 
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Figure 3 shows the analysis of haplotype 
association with Crohn's disease using the transmission 
disequilibrium test. Top: Relative positions of several 
markers analyzed are shown with respect to a standard map 
5 of the major histocompatibility complex. Bottom: The 

number of haplotypes transmitted and not transmitted to 
affected patients with Crohn's disease is shown. 

DETAILED DESCRIPTION OF THE INVENTION 

CI Despite evidence of a genetic component to 

Q 

Cj 10 Crohn's disease, genetic markers that can be responsible 

for disease susceptibility or that can be reliably used 

flj as diagnostic markers for Crohn's disease have not been 

^1 identified. The present invention is directed to the 

Cj exciting discovery of a three marker haplotype within the 

P 15 major histocompatibility complex (MHC or HLA) class III 

|»it 

111 region that is closely associated with Crohn' s disease in 

jj! individuals of Ashkenazi Jewish ethnicity. 

As disclosed herein, a linkage disequilibrium 
approach was used to identify a strong genetic 

20 association with Crohn's disease in individuals of 

• Ashkenazi Jewish ethnicity. A case control panel made up 
of 108 individuals with CD and 69 controls, and a family 
panel made up of 56 families with at least one member 
affected with Crohn's disease, were analyzed at 21 MHC 

25 markers (see Example 1 and Figure 1) . As disclosed 

herein, Notch4 allele 2 was associated with Crohn's 
disease in both the case control and family panels, 
with 31 transmitted to affecteds (T) and 15 not 
transmitted (NT; see Figure 3; p = 0.011). As further 

30 disclosed herein, a 2-2 haplotype formed with the 

adjacent single nucleotide polymorphism (SNP) marker, 
HSP70-HOM, yielded a stronger association with Crohn's 



disease in this population, as indicated by 29 
transmitted to affecteds and 11 not transmitted 
(p = 0.0044). As further shown in Figure 3, a 2-2-4 
Notch 4, HSP70-HOM and D6S273 haplotype displayed an 
extremely strong association with Crohn's disease, as 
indicated by 16 transmitted to affecteds and two 
non-transmitted (p = 0.00097). Thus, this MHC class III 
2-2-4 haplotype is strongly associated with Crohn's 
disease and can be used to diagnose Crohn' s disease or 
related autoimmune diseases, and to predict 
susceptibility to disease in high risk individuals. 

Thus, the present invention provides methods 
for diagnosing or predicting susceptibility to an 
autoimmune disease in an individual by determining the 
presence or absence in the individual of a 2-2-4 
haplotype at the Notch4, HSP70-HOM and D6S273 loci, where 
the presence of the 2-2-4 haplotype is diagnostic of or 
predictive of susceptibility to the autoimmune disease. 
The methods of the invention are advantageous in that 
they are noninvasive, conveniently practiced, for 
example, with a blood sample from an individual. The 
methods of the invention also are advantageous in regard 
to the confidence in results that they provide. In 
testing for Crohn's disease, for example, the present 
invention is based on the strongest association seen to 
date between any genetic marker or haplotype and CD. 
Thus, the present invention can be used to quickly, 
easily and reliably diagnose or predict susceptibility to 
an autoimmune disease such as Crohn's disease. 

The present invention relies on genetic markers 
found in the MHC, which includes three distinct regions: 
classes I, II and III. See Figure 3 for an illustration 
of the standard MHC map (Trowsdale et al., Immunol. Today 
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12:443-446 (1991)). In particular, the invention relies, 
in part, on a polymorphism in Notch4, a member of the 
Notch gene family, which is positioned near the 
centromeric end of the class III locus (Sugaya et al., 
Genomics 23: 408-419 (1994)). Notch4 was cloned and 
characterized as described in Li et al., 

Genomics 51: 45-58 (1998), and the sequence of the Notch4 
gene can be found in GenBank as accession numbers U89335 
and U89336, which are incorporated by reference herein. 
A polymorphism in a (CTG) n trinucleotide repeat is present 
in the first exon of the Notch4 gene, located between 
nucleotides 24,000 and 24,026 of accession number U89335, 
in the region encoding the Notch4 signal peptide. 
Analysis of individual variable number tandem repeats 

(VNTRs) has revealed that there are 7 alleles, with the 
longest repeat unit (CTG) 12 , and the shortest (CTG) 6 

(Sugaya et al., Gene 189:235-244 (1997). 

One skilled in the art recognizes that a 
particular polymorphic allele can be conveniently defined 
in comparison to a Centre d' Etude du Polymorphisme Humain 
(CEPH) reference individual such as the individual 
designated 1347-02 (Dib et al., Nature 380:152-154 
(1996), using commercially available reference DNA 
obtained, for example, from PE Biosystems (Foster City, 
CA) . As used herein, the term "Notch4 allele 2" means 
the smaller of the two Notch4 alleles present in CEPH 
reference individual 1347-02. Using primers 5'-FAM- 
CGTCTCTATTTGGGCAGTGAG-3 1 (SEQ ID NO: 9) and 
5 1 -GGCCGAGGAGGAAGAAGA-3 1 (SEQ ID NO: 10), 325 and 328 bp 
fragments are generated from CEPH reference individual 
1347-02. As disclosed herein, the presence of allele 2 
can be conveniently detected, for example, by capillary 
electrophoresis of an amplified fragment prepared with 



primers SEQ ID NOS : 9 and 10 as a 325 basepair (bp) 
fragment (see Figure 1) . 

The invention also relies, in part, on a 
biallelic polymorphism in HSP70-HOM (Milner and Campbell, 
Immunoaenetics 36: 357-362 (1992)). The heat shock 
proteins (HSP70) are encoded by a multigene family in 
humans and implicated in immune response; three genes 
encoding members of the HSP70 family are located in the 
class III region of the MHC: HSP70-1, HSP70-2 and 
HSP70-HOM . The complete sequence of HSP70-HOM, which 
encodes a protein with 90% sequence identity with HSP70-1 
(Milner and Campbell, supra, 1992), can be found in 
GenBank accession number AF134726, which is incorporated 
by reference herein. HSP70-HOM contains a polymorphism 
at nucleotide 2437; the "T" to "C" nucleotide transition 
corresponds to a methionine to threonine substitution at 
amino acid 493 (M493T; Milner and Campbell, supra, 1992) . 
As exemplified herein, allele 2 can be conveniently 
distinguished from allele 1 by PCR amplification of total 
genomic DNA with primers 5 1 -CCGGATCCCATAGGCCTCAGAGAACC-3 1 
(SEQ ID NO: 11) and 5 1 -GTAACTTAGATTCAGGTCTGG-3 f (SEQ ID 
NO: 12) and subsequent digestion of the amplified 
fragment with restriction enzyme Nco I. This enzyme 
restricts the "2" allele ("T" at nucleotide 2437) to 
produce two fragments of about 750 bp and 350 bp, while 
the "1" allele ("C" at nucleotide 2437) remains an 
uncleaved 1.1 kb fragment (see Example II). As used 
herein, the term "HSP70-HOM allele 2" means an HSP70-HOM 
allele having a "T" at nucleotide position 2437 and 
capable of being cleaved under the appropriate conditions 
by restriction enzyme Nco I. 

The 2-2-4 haplotype also involves the D6S273 
microsatellite polymorphism available as 
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nucleotides 34,073 to 34,114 of GenBank accession number 
AF129756.1, which is incorporated by reference herein. 
There are seven D6S273 alleles, with standard 
nomenclature designating the 140 bp fragment as allele 1; 
the 138 bp fragment as allele 2; the 136 bp fragment as 
allele 3; the 134 bp fragment as allele 4; the 132 bp 
fragment as allele 5; the 130 bp fragment as allele 6 and 
the 128 bp fragment as allele 7. Typing of CEPH 
reference individual 1347-02 indicates that this 
individual has alleles 3 and 5 (Martin et al., Human 
Molecular Genetics 4:423-428 (1995); GBD ID : G00-57 4 -167 ) . 
As used herein, the term "D6S273 allele" means an allele 
intermediate in size between the two D6S273 alleles of 
CEPH reference individual 1347-02. As exemplified herein 
(see Example II), allele 4 can be conveniently detected 
as a fragment intermediate in size between the two D6S273 
alleles of CEPH reference individual 1347-02 upon 
amplification with primers 5 1 -FAM-ACCAAACTTCAAATTTTCGG-3 1 
(SEQ ID NO: 13) and 5 1 -GCAACTTTTCTGTCAATCCA-3 1 (SEQ ID 
NO: 14; see, also, Figure 1). The D6S273 allele 4 
fragment can migrate with an apparent size of 133 bp, 
although it corresponds to the 134 bp fragment reported 
in Martin et al., supra, 1995. 

The class III microsatellite marker D6S273 has 
previously been associated in type I diabetic subjects 
with the highest risk class II HLA-DQ alleles (Moghaddam 
et al., Diabetes 47:263-269 (1998)) and in rheumatoid 
arthritis subjects with the high risk class II HLA-DRB1 
QKRAA/QRRAA shared epitope (Singal et al . , Tissue 
Antigens 52:353-358 (1998)). However, the D6S273 marker 
has not previously been associated with Crohn's disease, 
nor has a haplotype made up of Notch 4 allele 2, 
HSP70-HOM allele 2 and D6S273 allele 4 been identified. 



As used herein, the term "2-2-4 haplotype" 
means a haplotype composed of Notch 4 allele 2, HSP70-HOM 
allele 2 and D6S273 allele 4. 

As used herein, the term "individual" means an 
animal, such as a human or other mammal, capable of 
having an autoimmune disease. An individual can have one 
or more symptoms of an autoimmune disease or can be 
asymptomatic. The methods of the invention can be 
particularly useful for diagnosing an autoimmune disease 
in an individual with one or more symptoms, or for 
predicting susceptibility to an autoimmune disease in an 
individual, such as an individual at increased risk for 
having the disease, before any pathological 
characteristics are manifest. 

The methods of the present invention are useful 
for diagnosing or predicting susceptibility to a variety 
of autoimmune diseases including, for example, Crohn's 
disease, rheumatoid arthritis and diabetes. As used 
herein, the term "autoimmune disease" means a disease 
resulting from an immune response against a self tissue 
or tissue component, including both self antibody 
responses and cell-mediated responses. The term 
autoimmune disease, as used herein, encompasses 
organ-specific autoimmune diseases, in which an 
autoimmune response is directed against a single tissue, 
such as Crohn's disease and ulcerative colitis, Type I 
diabetes mellitus, myasthenia gravis, vitiligo, Graves' 
disease, Hashimoto's disease, Addison's disease and 
autoimmune gastritis and autoimmune hepatitis. The term 
autoimmune disease also encompasses non-organ specific 
autoimmune diseases, in which an autoimmune response is 
directed against a component present in several or many 
organs throughout the body. Such autoimmune diseases 



include, for example, rheumatoid disease, systemic lupus 
erythematosus, progressive systemic sclerosis and 
variants, polymyositis and dermatomyositis . Additional 
autoimmune diseases include pernicious anemia including 
some of autoimmune gastritis, primary biliary cirrhosis, 
autoimmune thrombocytopenia, Sjogren's syndrome, multiple 
sclerosis and psoriasis. One skilled in the art 
understands that the methods of the invention can be 
applied to these or other autoimmune diseases, as 
desired. 

The methods of the present invention are 
particularly useful for diagnosing or predicting 
susceptibility to Crohn's disease, or regional enteritis, 
which is a disease of chronic inflammation that can 
involve any part of the gastrointestinal tract. Commonly 
the distal portion of the small intestine (ileum) and 
cecum are affected. In other cases, the disease is 
confined to the small intestine, colon or anorectal 
region. Crohn's disease occasionally involves the 
duodenum and stomach, and more rarely the esophagus and 
oral cavity. 

The variable clinical manifestations of Crohn's 
disease are, in part, a result of the varying anatomic 
localization of the disease. The most frequent symptoms 
of CD are abdominal pain, diarrhea and recurrent fever. 
CD is commonly associated with intestinal obstruction or 
fistula, which is an abnormal passage between diseased 
loops of bowel, for example. Crohn's disease also can 
include extra-intestinal complications such as 
inflammation of the eye, joints and skin; liver disease; 
kidney stones or amyloidosis. CD is also associated with 
an increased risk of intestinal cancer. 



Several features are characteristic of the 
pathology of Crohn's disease. The inflammation 
associated with CD, known as transmural inflammation, 
involves all layers of the bowel wall. Thickening and 
edema, for example, typically appear throughout the bowel 
wall, with fibrosis also present in long-standing 
disease. The inflammation characteristic of CD also is 
discontinuous with segments of inflamed tissue, known as 
"skip lesions, 11 separated by apparently normal intestine. 
Furthermore, linear ulcerations, edema, and inflammation 
of the intervening tissue lead to a "cobblestone" 
appearance of the intestinal mucosa, which is distinctive 
of CD. 

A hallmark of Crohn's disease is the presence 
of discrete aggregations of inflammatory cells, known as 
granulomas, which are generally found in the submucosa. 
About half of Crohn's disease cases display the typical 
discrete granulomas, while others show a diffuse 
granulomatous reaction or nonspecific transmural 
inflammation. As a result, the presence of discrete 
granulomas is indicative of CD, although the absence 
granulomas also is consistent with the disease. Thus, 
transmural or discontinuous inflammation, rather than the 
presence of granulomas, is a preferred diagnostic 
indicator of Crohn's disease (Rubin and Farber, Pathology 
(Second Edition) Philadelphia: J.B. Lippincott Company 
(1994) ) . 

The 2-2-4 haplotype at the Notch4, HSP70-HOM, 
and D6S273 loci can be particularly useful in diagnosing 
or predicting susceptibility to an autoimmune disease in 
an individual who is an Ashkenazi Jew. In a preferred 
embodiment, the 2-2-4 haplotype is used in an individual 
who is an Ashkenazi Jew to diagnose or predict 



susceptibility to Crohn's disease, which is significantly 
more common (2 to 8 fold higher) in Ashkenazi Jews than 
in non- Jewish Caucasians (Brant et al., Gastroenterol , 
115:1056-1061 (1998)). Among persons of Jewish 
ethnicity, American or European Ashkenazi Jews have a 2 
to 4 fold increased risk of having this inflammatory 
bowel disease compared with Sephardic or Oriental Jews 
(Yang and Rotter in Kirschner and Shorter (Eds.), 
Inflammatory Bowel Disease Baltimore: Williams and 
Wilkins, p. 301-331 (1995); Rozen et al., Gastroenterol. 
76:25-30 (1979)); Ashkenazi Jews of middle European 
origin also have an excess risk compared with those of 
Polish or Russian origin (Roth et al., Gastroenterol . 
97:900-904 (1989)). The empiric risk for a first degree 
relative of a proband with CD is 7.8% for Jews compared 
with 5.2% for non- Jews (p=0.005; Yang et al., Gut 
34:517-524 (1993)). Thus, the disclosed method based on 
the 2-2-4 haplotype can be particularly valuable for 
diagnosing or predicting susceptibility to Crohn's 
disease in this high-risk group, and further can be 
useful for diagnosing or predicting susceptibility to 
other autoimmune diseases such as rheumatoid arthritis or 
Type I diabetes in an individual of Ashkenazi Jewish 
ethnicity. 

As used herein, the term "Ashkenazi Jew" refers 
to an individual of Jewish ethnicity who is a descendant 
of a Jew originating from central or eastern Europe. The 
term "Ashkenazi Jew" is in distinction to a Sepharadi, 
who is a descendant of a Jew expelled from Spain, or an 
Oriental Jew, who is a descendant of a Babylonian Jew. 
Ashkenazi Jewish identity can be established, for 
example, as described in Roth et al., Gastroenterol . 
96:1016-1020 (1989); Roth et al., supra, 1989; and 
Yang et al . , supra, 1993. 
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The methods of the invention also can be 
particularly useful for diagnosing or predicting 
susceptibility to rheumatoid arthritis. Rheumatoid 
arthritis is a chronic systemic disease primarily of the 
joints, usually polyarticular, marked by inflammatory 
changes in the synovial membranes and articular 
structures and by muscle atrophy and rarefaction of the 
bones . 

The disclosed 2-2-4 haplotype also can be 
useful for diagnosing or predicting susceptibility to 
Type I diabetes according to a method of the invention . 
Type I diabetes, also known as insulin-dependent diabetes 
mellitus (IDDM), usually appears in childhood but can 
appear at any age and is due to a deficiency of insulin, 
which may be caused by inadequate proinsulin production 
by the pancreas, by an accelerated destruction of 
insulin, or by insulin antagonists and inhibitors. Type 
I diabetes is typically characterized by polydipsia, 
polyuria, increased appetite, weight loss, low plasma 
insulin levels, and episodic ketoacidosis. 

In one embodiment, the invention provides a 
method of diagnosing or predicting susceptibility to an 
autoimmune disease by determining the presence or absence 
of the 2-2-4 haplotype using enzymatic amplification of 
nucleic acid from the individual. Subsequent to such 
enzymatic amplification, the presence or absence of the 
2-2-4 haplotype can be determined by electrophoretic 
analysis. In another embodiment, the presence or absence 
of the 2-2-4 haplotype can be determined following 
enzymatic amplification using restriction fragment length 
polymorphism analysis. In another embodiment, following 
enzymatic amplification, the presence or absence of the 
2-2-4 haplotype is determined using sequence analysis. 



16 

As used herein, the term "nucleic acid" means a 
polynucleotide such as deoxyribonucleic acid (DNA) or 
ribonucleic acid (RNA) and encompasses both 
single-stranded and double-stranded nucleic acid. Total 
5 genomic DNA is a particularly useful nucleic acid with 

which to practice a method of the invention. 

The term "electrophoretic analysis," as used 
herein in reference to one or more nucleic acid molecules 
such as amplified fragments, means a process whereby 
Ui 10 charged molecules are moved through a stationary medium 

CJ under the influence of an electric field. 

\j Electrophoretic migration separates nucleic acid 

Ul molecules primarily on the basis of their charge, which 

psj is in proportion to their size, with smaller molecules 

W?1 15 migrating more quickly. The term electrophoretic 

□ analysis includes analysis using both slab gel 

!^ electrophoresis, such as agarose or polyacrylamide gel 

jlj electrophoresis, and capillary electrophoresis. 

Capillary electrophoretic analysis, which generally 
20 occurs inside a small-diameter (50-100-um) quartz 

capillary in the presence of high ( kilovolt-level ) 
separating voltages with separation times of a few 
minutes, can be particularly useful in the methods of the 
invention. Using capillary electrophoretic analysis, 
25 nucleic acids are conveniently detected by UV absorption 

or fluorescent labeling, and single-base resolution can 
be obtained on fragments up to several hundred base 
pairs. Such methods of electrophoretic analysis, and 
variants thereof, are well known in the art, as 
30 described, for example, in Ausubel et al., Current 

Protocols in Molecular Biology Chapter 2 (Supplement 45) 
John Wiley & Sons, Inc. New York (1999)). Capillary 
electrophoresis can be particularly useful to separate 
fragments containing a variable number of tandem repeat 
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locus (VNTR) , as disclosed herein for the Notch4 and 
D6S273 polymorphic loci. 

Restriction fragment length polymorphism (RFLP) 
analysis also can be useful for determining the presence 
or absence of a particular allele (Jarcho et al. in 
Dracopoli et al., Current Protocol s in Human Genetics 
pages 2.7.1-2.7.5, John Wiley & Sons, New York Innis et 
al.,(Ed.), PCR Protocols , San Diego: Academic Press, Inc. 
(1990)). As used herein, the term "restriction fragment 
length polymorphism analysis" means any method for 
distinguishing genetic polymorphisms using a restriction 
enzyme, which is an endonuclease that catalyzes the 
degradation of nucleic acid and recognizes a specific 
base sequence, generally a palindrome or inverted repeat. 
One skilled in the art understands that the use of RFLP 
analysis depends upon an enzyme that can differentiate 
two alleles at a polymorphic site. The use of RFLP 
analysis to determine the presence of the HSP70-HOM 
allele 2 using the restriction enzyme Nco I is disclosed 
herein in Examples II and III. 

The term "sequence analysis," as used herein in 
reference to one or more nucleic acid molecules such as 
amplified fragments, means any manual or automated 
process by which the order of nucleotides in a nucleic 
acid is determined. It is understood that the term 
sequence analysis encompasses chemical (Maxam-Gilbert ) 
and dideoxy enzymatic (Sanger) sequencing as well as 
variations thereof. Thus, the term sequence analysis 
includes capillary array DNA sequencing, which relies on 
capillary electrophoresis and laser-induced fluorescence 
detection and can be performed using, for example, the 
MegaBACE 1000 or ABI 3700. Also encompassed by the term 
sequence analysis are thermal cycle sequencing (Sears et 
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al., Biotechniques 13:626-633 (1992)); solid-phase 
sequencing (Zimmerman et al. f Methods Mol. Cell Biol. 
3:39-42 (1992) and sequencing with mass spectrometry such 
as matrix-assisted laser desorption/ionization 
time-of-f light mass spectrometry MALDI-TOF MS (Fu et al., 
Nature Biotech, 16: 381-384 (1998)). The term sequence 
analysis also includes, for example, sequencing by 
hybridization (SBH) , which relies on an array of all 
possible short oligonucleotides to identify a segment of 
sequences present in an unknown DNA (Chee et al., Science 
274:61-614 (1996); Drmanac et al., Science 260:1649-1652 
(1993); and Drmanac et al., Nature B iotech. 16:54-58 
(1998)). One skilled in the art understands that these 
and additional variations are encompassed by the term 
sequence analysis as defined herein. See, in general, 
Ausubel et al., supra, Chapter 7 and supplement 47. 

The invention also provides a method of 
diagnosing or predicting susceptibility to an autoimmune 
disease in an individual by determining the presence or 
absence in the individual of a 2-2-4 haplotype at the 
Notch4, HSP70-HOM and D6S273 loci, where the method 
includes the steps of obtaining material containing 
nucleic acid including Notch4, HSP70-HOM and D6S273 loci 
from the individual; enzymatically amplifying the nucleic 
acid to produce a first amplified fragment containing the 
Notch4 locus; enzymatically amplifying the nucleic acid 
to produce a second amplified fragment containing the 
HSP70-HOM locus; and enzymatically amplifying the nucleic 
acid to produce a third amplified fragment containing the 
D6S273 locus. One skilled in the art understands that 
the first, second and third amplified fragment can be 
obtained simultaneously or in any order, and that no 
specific limitation is intended by their order of 
presentation here. Additionally, one skilled in the art 
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understands that the amplified fragments need only 
include part of the recited locus. Thus, for example, a 
first amplified fragment need only contain that portion 
of exon 1 of the Notch4 locus containing the polymorphic 
CTG site and need not contain, for example, the Notch 
coding sequence in its entirety. 

In another embodiment, a method of the 
invention further includes the steps of electrophoresing 
the first amplified fragment, thereby determining whether 
a Notch4, allele 2 is present; electrophoresing the 
second amplified fragment, thereby determining whether a 
HSP70-HOM allele 2 is present; and electrophoresing the 
third amplified fragment, thereby determining whether a 
D6S273 allele 4 is present. One skilled in the art 
understands that the fragments can be electrophoresed 
simultaneously or sequentially in any order. The 
presence of the Notch4 allele 2, the HSP70-HOM allele 2 
and the D6S273 allele 4 together indicate that the 2-2-4 
haplotype is present and therefore diagnoses or predicts 
susceptibility to an autoimmune disease such as Crohn's 
disease, rheumatoid arthritis or Type I diabetes. An 
additional step of restricting the second amplified 
fragment with Nco I or an isoschizomer thereof can be 
performed if desired in determining whether HSP70-HOM 
allele 2 is present. See Example II. 

As used herein, the term "material" means any 
biological matter from which nucleic acid can be 
prepared. For example, the term material encompasses 
whole blood, plasma, saliva or other bodily fluid or 
tissue that contains nucleic acid. A preferred material 
is whole blood, which can be obtained readily by 
non-invasive means and used to prepare genomic DNA for 
enzymatic amplification . 
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A variety of molecular methods useful for 
determining the presence or absence of an allele that 
makes up the 2-2-4 haplotype, or another 

disease-associated allele as described further below, are 
well known in the art. One skilled in the art 
understands that, where the presence or absence of a 
disease-associated haplotype is to be determined, 
individual alleles are detected by any combination of 
molecular methods. See, in general, Birren et al. (Eds.) 
Genome Analysis: A Laboratory Manual Volume 1 (Analyzing 
DNA) New York, Cold Spring Harbor Laboratory Press 
(1997) . 

Allele-specif ic oligonucleotide hybridization 
also can be used to detect a disease-associated allele. 
Allele-specif ic oligonucleotide hybridization is based on 
the use of a labeled oligonucleotide probe having a 
sequence perfectly complementary, for example, to a 
disease-associated sequence. Under appropriate 
conditions, the allele-specif ic probe hybridizes to a 
nucleic acid containing the disease-associated allele but 
does not hybridize to the one or more other alleles, 
which have one or more nucleotide mismatches as compared 
to the probe. If desired, a second allele-specif ic 
oligonucleotide probe that matches an alternate allele 
also can be used. Similarly, the technique of 
allele-specif ic oligonucleotide amplification can be used 
to selectively amplify, for example, a disease-associated 
allele by using an allele-specif ic oligonucleotide primer 
that is perfectly complementary to the nucleotide 
sequence of the disease-associated allele but which has 
one or more mismatches as compared to other alleles 
(Mullis et al. (Eds.), The Polymerase Chain R eaction, 
Birkhauser, Boston, (1994)). One skilled in the art 
understands that the one or more nucleotide mismatches 



that distinguish between the disease-associated allele 
and one or more other alleles are preferably located in 
the center of an allele-specif ic oligonucleotide primer 
to be used in allele-specif ic oligonucleotide 
hybridization. In contrast, an allele-specif ic 
oligonucleotide primer to be used in PCR amplification 
preferably contains the one or more nucleotide mismatches 
that distinguish between the disease-associated and other 
alleles at the 3' end of the primer. 

A heteroduplex mobility assay (HMA) is another 
well known assay that can be used to detect a Notch4 2 
allele, a HSP70-HOM 2 allele, a D6S273 4 allele, or to 
detect a disease-associated allele, according to a method 
of the invention. HMA is useful for detecting the 
presence of a polymorphic sequence since a DNA duplex 
carrying a mismatch has reduced mobility in a 
polyacrylamide gel compared to the mobility of a 
perfectly base-paired duplex (Delwart et al . , Science 
262:1257-1261 (1993); White et al., Genomics 12:301-306 
(1992) ) . 

The technique of single strand conformational 
polymorphism (SSCP) also can be used to detect the 
presence or absence of a Notch4 2 allele, a HSP70-HOM 2 
allele, a D6S273 4 allele, or to detect the presence or 
absence of a disease-associated allele (see Hayashi, PCR 
Methods Aoplic. 1:34-38 (1991)). This technique can be 
used to detect mutations based on differences in the 
secondary structure of single-strand DNA that produce an 
altered electrophoretic mobility upon non-denaturing gel 
electrophoresis. Polymorphic fragments are detected by 
comparison of the electrophoretic pattern of the test 
fragment to corresponding standard fragments containing 
known alleles. 
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Denaturing gradient gel electrophoresis (DGGE) 
also can be used to detect a Notch4 2 allele, HSP70-HOM 2 
allele, D6S273 4 allele or disease-associated allele. In 
DGGE, double-stranded DNA is electrophoresed in a gel 
containing an increasing concentration of denaturant; 
double-stranded fragments made up of mismatched alleles 
have segments that melt more rapidly, causing such 
fragments to migrate differently as compared to perfectly 
complementary sequences (Sheffield et al., "Identifying 
DNA Polymorphisms by Denaturing Gradient Gel 
Electrophoresis" in Innis et al., supra, 1990). 

Other well-known approaches for determining the 
presence or absence of a Notch4 2 allele, HSP70-HOM 2 
allele, D6S273 4 allele or a disease-associated allele 
include automated sequencing and RNAase mismatch 
techniques (Winter et al., Proc. Natl. Acad. Sci. 
82:7575-7579 (1985)). In view of the above, one skilled 
in the art realizes that the methods of the invention for 
diagnosing or predicting susceptibility to an autoimmune 
disease in an individual can be practiced using one of 
the well known assays described above, or another 
art-recognized assay for detecting a disease-associated 
haplotype or allele. 

The invention also provides a method of 
diagnosing or predicting susceptibility to an autoimmune 
disease in an individual by determining the presence or 
absence in the individual of a disease-associated 
haplotype, which is associated with a 2-2-4 haplotype at 
the Notch4, HSP70-HOM and D6S273 loci, where the presence 
of the disease-associated haplotype is diagnostic of or 
predictive of susceptibility to the autoimmune disease. 
In one embodiment, the disease-associated haplotype is 
associated with the autoimmune disease with an odds ratio 



of at least 5 and a lower 95% confidence limit of greater 
than 1. 

In another embodiment of the present invention, 
methods are provided for diagnosing or predicting 
susceptibility to an autoimmune disease in an individual 
by determining the presence or absence of a 
disease-associated allele associated with the 2-2-4 
haplotype at the Notch4, HSP70-HOM and D6S273 loci, where 
the presence of the disease-associated allele is 
diagnostic of or predictive of susceptibility to the 
autoimmune disease. In one embodiment, the 
disease-associated allele is associated with the 
autoimmune disease with an odds ratio of at least 5 and a 
lower 95% confidence limit of greater than 1. The 
presence or absence of the disease-associated haplotype 
or allele is determined using any of a variety of routine 
methods, described herein above. 

As used herein, the term "associated with," 
when used in reference to a disease-associated haplotype 
or disease-associated allele, and the 2-2-4 haplotype, 
means that the disease-associated haplotype or 
disease-associated allele and the 2-2-4 haplotype are 
inherited together more often than would be expected 
according to traditional Mendelian genetics. Thus, the 
presence of such a disease-associated haplotype or 
disease-associated allele, which is associated with the 
2-2-4 haplotype, can be used as a surrogate for the 2-2-4 
haplotype to diagnose or predict susceptibility to 
Crohn's disease, rheumatoid arthritis, type I diabetes 
mellitus or another autoimmune disease as described 
herein above. 
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The present methods are based on the finding 
that three markers, Notch4, HSP70-HOM, and D6S273, 
spanning 0 . 5 Mb within the MHC class III, make up a 
haplotype that is strongly associated with Crohn' s 
disease. Thus, the 2-2-4 haplotype is a useful 
diagnostic for Crohn's disease and related autoimmune 
disorders. Furthermore, based on this finding, it is 
clear that one or more of the three alleles (Notch4 
allele 2, HSP70-HOM allele 2 or D6S273 allele 4) can be 
substituted with an alternative genetic marker to produce 
another diagnostic haplotype. Such a haplotype is 
designated herein as a "disease-associated haplotype" and 
is characterized, in part, by being associated with the 
2-2-4 haplotype. Exemplary genetic markers that can be a 
111 15 disease-associated allele or that can be combined with, 

m or substituted within, the 2-2-4 haplotype to produce a 

h disease-associated haplotype include those shown in 

111 

I 1 Table 1. 
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A useful disease-associated haplotype can 
contain, for example, a RAGE allele such as a polymorphic 
allele in intron 8 (accession U89336) or a tenasin X 
allele (Weissensteiner et al., Eur. J. Immunoqen. 24:201- 
209 (1997); also, see accession U89337), in combination 
with one or more of Notch 4 allele 2, HSP70-HOM allele 2 
or D6S273 allele 4 (see Table 1) . A disease-associated 
haplotype also can include, if desired, a C2, C4 or other 
complement allele such as a C4B microsatellite allele in 
intron 15, a C2 microsatellite allele in intron 9; or a 



polymorphic " C2D" allele (Sullivan et al., J. Rheumatol. 
21:1128-1133 (1994); Cross et al., Exp. Clin. Immunoqen. 
7:53-63 (1990); Doherty et al., Autoimmunity 18:243-249 
(1994) and Lhotta et al., Diabetes Care 19:53-55 (1996)). 
In addition, a disease-associated haplotype can contain, 
for example, a HSP70-1 allele or HSP70-2 allele, such as 
an allele at the HSP70-2 Pst I polymorphic site, in 
combination with one or more of Notch 4 allele 2, 
HSP70-HOM allele 2 or D6S273 allele 4 (Milner and 
Campbell, supra, 1992; Pociot et al., Scand. J. Immunol. 
38:491-495 (1993); Vinasco et al., Tissue Antigens 
50:71-73 (1997)). A useful disease-associated haplotype 
also can be a four allele, five allele or larger 
haplotype that combines Notch 4 allele 2, HSP70-HOM 
allele 2 and D6S273 allele 4 with one or more additional 
alleles, for example, a tenascin X allele, C4B allele or 
C2 allele. 

The term "disease-associated allele," as used 
herein, means a molecular variation that tends to be 
inherited together with a disease such as Crohn's 
disease. Any allele from the polymorphic loci shown in 
Table 1 can be a disease-associated allele of the 
invention . 

A disease-associated allele useful in the 
invention can be, for example, a single nucleotide 
polymorphism (snp) or can be a microsatellite (ms) or 
variable number tandem repeat (VNTR) polymorphism. In 
addition to nucleotide substitutions, insertions or 
deletions, one skilled in the art understands that a 
disease-associated allele also can be a molecular 
variation such as abnormal methylation or other 
modification that does not produce a difference in the 



primary nucleotide sequence of the disease-associated 
allele as compared to another allele. 

In one embodiment, the strength of the 
association between a disease-associated haplotype or 
allele and an autoimmune disease such as Crohn' s disease 
is characterized by an odds ratio of at least 5 with a 
lower 95% confidence interval limit of greater than 1. 
Such an odds ratio can be, for example, at least 5.5, 
6.0, 6.5, 7.0, 7.5 or 8.0 with a lower 95% confidence 
interval limit of greater than 1, such as an odds ratio 
of at least 8 with a 95% confidence interval of 1.55 to 
100 (see Figure 3) . Methods for determining an odds 
ratio are well known in the art (see, for example, 
Schlesselman et al . , Case Control Studies: D esign, 
Conduct and Analysis Oxford University Press, New York 
(1982) . 

In another embodiment, a disease-associated 
haplotype or allele is associated with an autoimmune 
disease with a p value of equal to or less than 0.0097. 
As used herein the term "p value" is synonymous with 
"probability value." The expected p value for the 
association between a random haplotype (or allele) and 
disease is 1.00. A p value of less than 0.05 indicates 
that haplotype and disease do not appear together by 
chance but are influenced by positive factors. The 
statistical threshold for significance of linkage has 
been set at a level of allele sharing for which false 
positives would occur once in twenty genome scans 
(p = 0.05). A disease-associated haplotype or 
disease-associated allele can be associated with an 
autoimmune disease with, for example, a p value of 0.04, 
0.03, 0.02, 0.01, 0.009, 0.008, 0.007, 0.006, 0.005, 
0.004, 0.003, 0.002 or 0.001, or with a p value of 
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0.00095, 0.0009, 0.00085 or 0.0008. It is recognized 
that, in some cases, p values may need to be corrected, 
for example, to account for factors such as sample size 

(number of families), genetic heterogeneity (linked forms 
and unlinked forms within the particular disease), 
clinical heterogeneity, or analytical approach 

(parametric or nonparametric method) . 

The following examples are intended to 
illustrate but not limit the present invention. 

EXAMPLE I 

SELECTION OF STUDY SUBJECTS 

This example demonstrates the selection of 
appropriate study subjects For the test. 

Details of the IBD patient archive at 
Cedars-Sinai Medical Center have been reported elsewhere 
and ascertainment of subjects continues (Shanahan et al., 
Annu. Rev. Med. 43:125-33 (1992); Toyoda et al., 
Gastroenterol. 104:741-748 (1993); and Yang et al., Gut 
34:517-524 (1993)). For this study, the case control 
panel was composed of 108 patients with CD and 69 
ethnically matched controls, mainly spouses. The family 
panel was composed of 56 families with at least one 
member affected with CD and no members affected with 
ulcerative colitis (CD only panel; 196 individuals 
total) . The genotype of any parents For whom DNA was 
unavailable was determined by genotyping unaffected 
siblings. The use of human subjects was approved by the 
Institutional Review Board of Cedars Sinai Medical 
Center. Diagnosis of CD was determined by standard 
criteria (Shanahan et al., in Kelley W. (Ed.), Textbook 



of Internal Medicine , 489-502 (1989), and Vasiliauskas et 
al., Gastroenterol. 110:1710-1719 (1996)). 



EXAMPLE II 

SELECTION OF MARKERS AND GENOTYPING 

This example describes the genetic markers used 
and genotyping procedures in this study. 

The 20 genetic markers used in this study are 
listed in Figure 1 along with the location of the marker 
on the standard MHC map (e.g. Trowsdale et al., supra 
(1991)); a cartoon showing the relative positions of 
these markers is at the top of Figure 3. Microsatellite 
markers ("ms") were adapted to fluorescence-based high 
throughput genotyping technology (ABI 373 DNA sequencer, 
GeneScan® and Genotyper® software) from the references 
given using the PCR primers indicated in Figure 1. 

PCR was performed using AmpliTaq Gold® 
following the manufacturer's recommendations (Per kin 
Elmer, Foster City, CA) . Primer sequences were adapted 
from the literature or designed using PCR primer design 
software (Oligo 5.0) and the DNA sequence listed. D6S273 
primers were purchased from and all other primers were 
synthesized by Research Genetics (Huntsville, AL) . After 
PCR, single nucleotide polymorphism ("snp") markers were 
digested with the indicated restriction enzyme and run on 
1.2% agarose gels following standard procedures (Sambrook 
et al., Molecular Cloning: A Laboratory Manual New York, 
Cold Spring Harbor Press (1989)) configured for high 
throughput . 
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Notch4 allele 2 was detected as follows. The 
( CTG) n repeat is located in exon 1 of the Notch4 gene, 



between nucleotides 24,000 and 24,026 of GenBank 
accession number U89335. Using the primers listed in 
Figure 1 (SEQ ID NOS: 9 and 10, allele 2 was detected as 
the 325 bp allele. 

HSP70-HOM contains a polymorphism at 
nucleotide 2437. This "T" to "C" nucleotide transition 
corresponds to a methionine to threonine substitution at 
amino acid 493 (M493T; Milner and Campbell, supra, 1992). 
The seguence of the HSP genes is available as GenBank 
accession number AF134726. Using the primers indicated 
in Figure 1 (SEQ ID NOS: 11 and 12), the "1" allele 
yields an uncleaved 1 . 1 kb fragment with restriction 
enzyme Nco I (Thr) . The "2" allele gives two bands of 
about 750 bp and 350 bp with this restriction enzyme 
(Met) . 

The D6S273 marker is located at nucleotide 
number 34,073 to 34,114 of GenBank accession number 
AF129756.1. D6S273 allele 4 was identified using a 
FAM-labeled primer set purchased from Research Genetics 

(see SEQ ID NOS: 13 and 14 shown in Figure 1) . Allele 

"4" was evident as a 133 bp allele. 

Association tests on genotypes from the case 
control panel were performed using SAGE. The TDT was 
performed using GeneHunter® 2.0 and TDT exact implemented 
in SAGE. 



EXAMPLE III 

ASSOCIATION OF A NOTCH4 ALLELE W TTH CROHN ' S DISEASE 



This example describes the association of the 
Notch4 allele 2 with Crohn's disease in an Ashkenazi 
Jewish population. 

Genotyping For the 21 markers listed in 
Figure 1 was performed in our case-control panel of 108 
CD and 69 control subjects of Ashkenazi Jewish ethnicity. 
As Figure 2 shows, a significant negative association 
between CD and allele 4 of the beta-tubulin (TUBE) locus 
and a significant positive association between CD and 
allele 2 of the Notch4 locus were observed (p=0.014 and 
0.011, respectively). 

High resolution molecular genotyping For the 
HLA-DR, -DQ, and DP loci in this case control panel has 
been previously reported (Trachtenberg et al., Human 
Tmmunol. 55 (Suppl. 1): 59 (1997)) and an association 
between CD and HLA-DRB1*0103 was observed (24/304 CD 
subjects compared with 5/232 control subjects, p=0.004). 
However, since the contribution to this association was 
observed in non-Jews, rather than Jews (only 3/125 Jewish 
CD subjects were HLA-DRB1*0103 compared with 0/68 control 
subjects, p=NS), the observed association between CD and 
the Notch4 allele 2 is not due to linkage disequilibrium 
between Notch4 and HLA-DRB1. 

These results demonstrate that Notch4 allele 2 
is significantly associated with Crohn's disease in an 
Ashkenazi Jewish population and indicate that this allele 
can be a useful diagnostic marker. 
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EXAMPLE IV 

IDENTIFICATION A THREE MARKER HAPT.OTYPE S TRONGLY 
a.q.qor.TATED WTTH CROHNl g DISEASE 

This example describes identification of a 
5 three marker haplotype strongly associated with Crohn's 

disease . 

a Assoc±atiQn-Qf the 2 -9-4 hanlotwe in the family panel 

Genotyping For 21 MHC markers was performed in 

M the family panel of 56 families with at least 1 proband 

O 10 affected with CD and none with ulcerative colitis (CD 

F] only families). As shown in Figure 3 (line 1), using the 

iJJ TDT , a significant distortion of transmission of allele 2 

if] of the Notch4 locus to CD-affecteds was observed, with 

LT1 allele 2 transmitted to affecteds 31 times and not 

q 15 transmitted 15 times (p=0.011, GeneHunter® 2.0; p=0.030, 

fij TDTEx, SAGE) . No significant distortion of alleles at 

J the TUBB locus was observed (data not shown) . Therefore, 

O the association between CD and Notch4 allele 2 observed 

U) in the case control panel was confirmed in the family 

20 panel using the TDT. 

With the addition of information from the 
marker adjacent to Notch4, there was significant 
distortion of the transmission of the two allele Notch4 
and HSP70-HOM 2-2 haplotype to affecteds; the 2-2 

25 haplotype was transmitted to affecteds 29 times and not 

transmitted 11 times (p=0.0044, GeneHunter® 2.0; 
Figure 3, lines 2-6) . With the addition of the next 
marker along the MHC, there was a further increase in the 
significance of the distortion of the transmission: the 

30 three allele Notch4/HSP70-HOM/D6S273 2-2-4 haplotype was 

transmitted to affecteds 16 times and not transmitted 2 
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times (p=0. 00097, GeneHunter® 2 . 0 ; Fig. 3, line 7-10). 
No significant transmission distortion was observed with 
4 allele haplotypes using the GeneHunter® 2.0 program. 

B. Association of the 2-2-4 haol otviDe in the case control 
panel . 

To test whether an association between the 
Notch4/HSP70-HOM/D6S273 2-2-4 haplotype and CD was 
evident in the case control panel as well as the family 
panel, the presence of the 2-2-4 haplotype was inferred 
in the case control subjects by the presence of the 
combination of the individual markers. 

The results show that the association of the 
2-2-4 haplotype with Crohn's disease is stronger than the 
association of the Notch4 allele alone with Crohn's 
disease . 

All journal article, reference, and patent 
citations provided above, in parentheses or otherwise, 
whether previously stated or not, are incorporated herein 
by reference. 

Although the invention has been described with 
reference to the examples above, it should be understood 
that various modifications can be made without departing 
from the spirit of the invention. Accordingly, the 
invention is limited only by the following claims. 



